Objective: To investigate the relationship between dietary intakes and in vivo oxidative stress (OS) status in diabetic patients. Design: Case-control study. Setting: Outpatient-Clinic and Laboratory Endocrinology, University Antwerp. Subjects and methods: A total of 30 patients (24 type 1 diabetes mellitus (T1DM)/6 type 2 diabetes mellitus (T2DM) were asked to complete a 2 weekdays+1weekend day food consumption questionnaire during the week preceding their yearly diabetes control consultation, when samples were collected for the assay of oxidative stress (OS) (blood levels of antioxidants, peroxides, malondialdehyde (MDA) and minerals). Blood samples were also collected from 25 age-and sex-matched healthy controls. Results: Diabetic patients had lower glutathione (5.8071.15 vs 6.7571.03 mmol/g Hb in the controls, P ¼ 0.002) and higher MDA (0.68770.212 vs 0.54570.101 mmol/l, P ¼ 0.002). Although the group average intakes were within the Belgian RDA, intakes of fat 435% energy, fibre o15 g/1000 kcal, fruit o2 portions and vitamin E o10 mg/day were seen in more than 20 patients. Blood antioxidants did not correlate with intakes of energy, fat, protein or fibres or of their respective antioxidant. Vitamins A and E correlated with serum lipids (r ¼ 0.58, P o0.0005 between serum a-tocopherol and cholesterol). Blood peroxide levels were only related to intakes of saturated fat and cholesterol (Po0.05). In diabetic subjects but not in controls (Po0.05) MDA was related to glutathione and uric acid. Conclusions: In diabetic patients, blood levels of antioxidants are not related to their dietary intakes but to serum lipids. Levels of oxidative damage products are only related to intakes of saturated fats and cholesterol and to levels of endogenous antioxidants.
Introduction
Diabetes mellitus is an important risk factor for atherosclerosis, and coronary heart disease is nowadays the most frequent cause of mortality in these patients (Kannel & McGee, 1979) . One of the pathogenic mechanisms that can explain this increased risk in diabetes is the imbalance between pro-oxidants and antioxidants, which results in oxidative stress (OS) (Sies, 1991) . Hyperglycaemia results in glucose auto-oxidation, nonenzymatic glycation and monocyte dysfunction, which lead to increased production of free radicals (Hiramatsu & Arimori, 1988; Hunt et al, 1990; Mullarkey et al, 1990; Brownlee, 1994) . This is further aggravated by the decreased levels of antioxidants (Murakami et al, 1989; Jain et al, 1991; Sinclair et al, 1991) and leads to oxidative damage, illustrated by the high levels of lipid and DNA peroxidation products found in these patients (Griesmacher et al, 1995; Dandona et al, 1996) . All these diabetes-related abnormalities can intensify the endothelial dysfunction, oxidation of LDL and foam cell formation, which ultimately lead to the formation of the atheroma plaque (Ross, 1993) .
One way of combating this increased oxidative stress (OS) would be to increase antioxidant defences. The possible benefits of this approach are suggested by the negative correlation between coronary heart mortality and plasma vitamin E and vitamin C levels (Gey et al, 1987; Riemersma et al, 1991) . The obvious strategies are to increase dietary intakes or to give antioxidant supplements. However, the long-term impact of either of these approaches is still controversial. Epidemiological evidence demonstrating the benefits of the 'diet rich in fruits, vegetables, wholegrain cereals and nuts' (Enstrom et al, 1992; Hu et al, 2000) supports the dietary approach, but the elements responsible and their interactions have not been convincingly identified yet. Other epidemiological studies show benefit only in the subgroups taking supplements (Stampfer et al, 1993) , but intervention studies giving different doses of supplements have so far given conflicting results (Yusuf et al, 2000; Stephens et al, 1996; GISSI, 1999) . Thus, it still remains to be unequivocally proven that increasing antioxidant consumption will reduce the incidence of atherosclerosis. Other unresolved issues that contribute to the difficulties in reaching a consensus are the minimum efficacious dosage, whether it is achieved by diet alone or by supplements, the patterns of combination of individual antioxidants or nutrients, and the choice of subjects such as the diabetic, obese, elderly, who might be most likely to benefit from such supplementation. Furthermore, it is not known whether the potential beneficial effects of dietary or supplemental interventions are mediated by improvements in the oxidative stress status (OSS) as measured in blood or, in other words, whether monitoring blood OSS is a valid tool to monitor the impact of habitual dietary antioxidants or of interventions aimed at increasing dietary antioxidants.
In order to address these questions, we aimed in this study to estimate dietary antioxidant intakes and their relationship with blood values of OSS in diabetic patients. The specific aims were to investigate whether self-reported diet questionnaires and the locally available food tables can be used to calculate antioxidant intake via the diet, whether these calculated intakes have a direct relationship with levels of antioxidants and oxidative damage products in blood, and to identify factors, especially those related to the diabetic state, that might interfere with these relationships.
Materials and methods

Study subjects and design
Diabetic patients due to attend the outpatient clinic of the Antwerp University Hospital for their yearly diabetes control and routine blood tests were requested to answer a daylong food consumption questionnaire. Out of 61 patients approached, 43 were willing to collaborate but only 30 sent fully completed questionnaires. These were filled in by the patient during 2 weekdays and 1 weekend day of the week preceding their consultation. The questionnaire was the standard daily consumption method used by the dietitians in our university hospital (Sempos et al, 1985) and expanded to include more details on intakes of vitamin E (commercial names of margarines and oils), selenium and flavonoidcontaining foodstuffs (fruits and vegetables, tea, coffee, beer and wine). The respondents quantified their consumption in terms of household measures to which standard weights were assigned. Quantitative analysis of energy, nutrient and antioxidant consumption was done using the BECEL programme (BECEL, 1995) based on values obtained from the Belgian and Netherlands food compositions tables (NUBEL, 1995; NEVO, 1998) and completed with values for selenium composition (Holland et al, 1998) and for flavonoids (Hertog et al, 1992 (Hertog et al, , 1993 . Mean daily consumption was calculated by extrapolating the values of 2-5 weekdays and of 1-2 weekend days, adding up and dividing by 7. Blood samples were also taken from a group of sex-and agematched nondiabetic volunteers recruited from the university and hospital. The experimental protocol was in accordance with the Helsinki declaration.
Analytic methods
Routine blood tests including serum total cholesterol, HDLcholesterol and triacylglycerol were analysed in the laboratory of the Antwerp University Hospital. Total analytical variability, expressed as coefficient of variation (CV), was 2, 1.9 and 0.9%, respectively. LDL-cholesterol was calculated according to the Friedewald equation (Friedewald et al, 1972) . Glycated haemoglobin (HbA 1c ) was measured by using an HPLC cation exchange column (Modular Diabetic Monitoring System; Bio-Rad, Richmond, CA, USA); the CV was 1.5%.
Oxidative stress status was evaluated by measuring blood levels of individual antioxidants, global plasma antioxidant capacity and products of lipid peroxidation. Vitamins E and A in serum were measured by HPLC (Shimadzu, Kyoto, Japan) with a reversed-phase C18 column LiChrospher RP C18 (Alltech, Deerfield, IL, USA) with 100% methanol mobile phase and detection at 292 and 325 nm, respectively (Caye-Vaugien et al, 1990) , with CVs of 4.8 and 4.1%, respectively.
Vitamin C in plasma was measured by HPLC isocratic delivery using a reverse phase column LiChrospher RP C18 (Alltech, Deerfield, IL, USA) with 2 mM KCl mobile phase and electrochemical detection at 1000 mV; the CV was 6%. Reduced glutathione (GSH) in whole blood and protein thiols in plasma were measured by a colorimetric method using Ellman's reagent with CVS of 7 and 6%, respectively (Beutler, 1975; Hall et al, 1982) . Global plasma antioxidant capacity was evaluated by measuring the inhibition of chemiluminescence after the addition of plasma (anticoagulated with Li-heparin and diluted two-fold with NaPO 4 pH 8.6) to a reaction mixture containing 75 mM Luminol and peroxyl radicals liberated by the thermal decomposition of
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Results
Subject characteristics are shown in Table 1 . There were no significant differences between the nondiabetic controls and the T1DM subjects with regard to age, sex and habits. T2DM differed in being significantly older than the two other groups (P ¼ 0.001), having a higher body mass index (BMI) and abnormal serum lipids and tending to have a shorter duration of diabetes (P ¼ 0.13). According to the strict criteria of the European Diabetes Policy Group (1998), there were 20 diabetic and 14 control subjects with dyslipidaemia. Hypertension was significantly more frequent among the diabetic subjects (14 vs 1 in the control group, P ¼ 0.007). One control and three diabetic subjects took multivitamin supplements sporadically. Among the diabetic patients, five took magnesium supplements and nine did not do any sport. The comparison of OSS, shown in Table 2 , indicated that diabetic (T1 and T2) subjects had lower blood glutathione than nondiabetic subjects (P ¼ 0.005) and higher plasma MDA, an end product of lipid peroxidation (P ¼ 0.001), even when corrected for the serum lipids (P ¼ 0.003). Plasma ascorbate was significantly lower in T2DM (P ¼ 0.025). Levels of uric acid, retinol and total antioxidant capacity affecting the lagtime (TAC-TE) were significantly lower in T1DM (Po0.002). Conversely, plasma concentrations of proteins and thiols were higher in T1DM, but the thiol content of Dietary antioxidants in diabetes mellitus N Dierckx et al proteins (expressed as mmol/mg protein) did not differ between the three groups.These diabetes-related differences were still significant after correcting for the effects of sex and age.
Other subject characteristics affecting OSS were smoking, which was associated with a lower total antioxidant capacity (TAC-PI 7872 vs 8073% in nonsmokers, P ¼ 0.005) but did not affect the other parameters of OSS. Men compared to women had lower plasma ascorbate (46716 vs 57713 mmol/ l, P ¼ 0.008), higher plasma proteins (7575 vs 7274 g/l, P ¼ 0.036) and plasma protein-thiols (5.6070.51 vs 5.1870.69 mmol/g protein, P ¼ 0.014) and lower d-ROM (351781 vs 4657168 Caratelli Units (Carr.Units), P ¼ 0.005). Age correlated significantly with GSH (r ¼ À0.23, P ¼ 0.09), with MDA (r ¼ 0.41, P ¼ 0.002), ascorbate (r ¼ À0.34, P ¼ 0.013) and TAC-PI (r ¼ 0.28, P ¼ 0.057). However, after correcting for the effects of sex and type of diabetes, only the relation to TAC-PI remained significant. Apart from a tendency towards higher MDA in the diabetic patients with hypertension (0.12870.040 vs 0.0937 0.019 mmol MDA/mmol total serum lipids in those without hypertension, P ¼ 0.066), there were no other significant differences. After adjusting for the effects of type of diabetes and sex, the use of contraceptives was associated with higher blood d-ROM (5247199 vs 3797112 Carr.Units, p ¼ 0.026), serum retinol (0.57470.154 vs 0.4157 0.119 mmol/mmol total lipids, P ¼ 0.01) and lower TAC-PI (7872.5 vs 8072.5%, P ¼ 0.008).
Effect of diet on OSS
In order to investigate if the unfavourable OSS seen in the diabetic patients might be related to dietary factors, the daily consumption questionnaires filled in by the patients during the week preceding the sampling of their blood were analysed and daily intakes calculated (Table 3) . Although the mean intakes in this group of patients were close to the recommended intakes, it is worth noting that 21 T1DM and four T2DM had low carbohydrate (o50 energy%) and high fat (435 energy %) intakes, that 24 patients had fibre intakes lower than 15 g/1000 kcal and that four patients ate no fruit, 17 ate one portion and only nine patients consumed two or three portions of fruit daily.
Intakes of vitamins and minerals (Table 4) below the recommendation were found in five patients for vitamin A, 20 for vitamin E, 19 for vitamin D, 27 for b-carotene, nine for vitamin C, 22 for selenium, and 17 for magnesium and calcium. In contrast, less than nine patients had deficient intakes of zinc, phosphorus, iron and copper. Regarding high intakes, only one patient, who substituted the potatocarbohydrate portion by bread with vitamin E-enriched margarine, had a daily intake of 48 mg, all other patients taking less than 20 mg per day. Only four patients took more than 200 mg vitamin C daily.
Men had higher intakes of energy and fat as well as of selenium, copper, magnesium, iron, niacin and thiamin, but intakes of the antioxidant vitamins and flavonoids were not significantly different between the sexes. 
Dietary antioxidants in diabetes mellitus
N Dierckx et al
Blood levels of each antioxidant were not related to intakes of energy, fats, proteins or fibres and did not correlate with the dietary intakes of the respective antioxidant. Indeed, plasma ascorbate was more strongly related to intake of carotenes (r ¼ 0.44, P ¼ 0.018) than to intake of vitamin C (r ¼ 0.23, ns), and global antioxidant capacity (TAC-TE) was only related to flavonoid intake (r ¼ 0.50, P ¼ 0.014). Surprisingly, GSH in blood was negatively related to intakes of vitamin C (r ¼ À0.47, P ¼ 0.01) and flavonoids (r ¼ À0.52, P ¼ 0.02). These relationships were maintained after correcting for the effect of type of diabetes and sex. A global score of antioxidant intake calculated as the sum of vitamins A, E and C, b-carotene, flavonoids, and selenium, each divided by their respective standard deviation, was only significantly related to plasma vitamin C (r ¼ 0.42, P ¼ 0.023).
Regarding levels of oxidative damage, levels of peroxides (d-ROM) were related to intakes of saturated fats (r ¼ 0.45, P ¼ 0.02) and cholesterol (r ¼ 0.40, P ¼ 0.045) but not to total energy intake (r ¼ À0.06 ns) or antioxidants. In T1DM, plasma MDA was related to intakes of iron (r ¼ 0.52, P ¼ 0.009) and of copper (r ¼ 0.61, P ¼ 0.002). Patients taking more than two or three portions of fruit daily (nine out of 30) were only distinguished by having lower plasma MDA (0.09470.018 vs 0.11870.032 mmol MDA/mmol lipid, P ¼ 0.043) and a tendency to higher plasma vitamin C (56718 vs 46716 mmol/l, P ¼ 0.18). 
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Practising some sport (17 moderate and four heavy out of 30 patients) was not associated with OSS.
Effect of metabolic status on OSS
The relationship between OSS and metabolic status was analysed in both diabetic and nondiabetic subjects. Levels of HbA 1c , which reflect control of glycaemia during the preceding month, were not related to OSS. Other parameters of metabolic control such as insulin dose, duration of diabetes and BMI did not correlate with OSS either. In contrast, there were significant correlations between triacylglycerol and retinol (r ¼ 0.41, P ¼ 0.004), uric acid (r ¼ 0.30, P ¼ 0.03), and TAC-TE (r ¼ 0.44, P ¼ 0.003), and cholesterol was related to a-tocopherol (r ¼ 0.58, Po0.0005). These correlations were seen in both diabetic and control subjects.
When analysing the interrelationships between the various OSS parameters using linear regression models, TAC-TE was explained by concentrations of uric acid (r ¼ 0.82, Po0.0005, explaining 60% of the variance) and retinol (r ¼ 0.46, P ¼ 0.001), whereas TAC-PI was related to atocopherol (r ¼ 0.39, P ¼ 0.008, explaining 12% of the variance) and to total iron binding capacity (TIBC) (r ¼ À0.33, P ¼ 0.026). These correlations were as strong in the control as in the diabetic group. Surprisingly, MDA levels were not related to either triacylglycerol or cholesterol. Indeed, subjects with dyslipidaemia did not have significantly higher MDA. Moreover, dyslipidaemia was as frequent among control as among diabetic subjects (Table 1) . When analysing other factors related to MDA, it was found to correlate with TAC-TE only in the diabetic group (r ¼ 0.53, P ¼ 0.010, ns in the controls, P ¼ 0.045 for the comparison between slopes), Figure 1a . Likewise there was a significant correlation with uric acid (r ¼ 0.41, P ¼ 0.03 vs r ¼ 0.09, ns in the controls, P ¼ 0.002 for the comparison between slopes). MDA was negatively related to GSH in the diabetic group (r ¼ À0.49, P ¼ 0.008) but not in the control group (r ¼ 0.09 ns), P ¼ 0.02 for the comparison of slopes (Figure 1b) . These relationships persisted after correction of MDA for serum lipids.
Discussion
In the present study, we aimed to investigate the relationship between diet and OSS in diabetes mellitus patients. Our results confirm that diabetes is associated with increased OS, which results in higher plasma concentrations of lipid peroxidation products such as MDA in plasma (Griesmacher et al, 1995) . As previously shown by other authors, antioxidant defences were lower depending on the type of diabetes. For example, glutathione was lower in both types of diabetes (Murakami et al, 1989) , but ascorbate was lower only in T2DM (Sinclair et al, 1991) . Retinol and plasma total antioxidant capacity, which is predominantly determined by uric acid, were lower only in T1DM (Tsai et al, 1994) . These diabetes-related differences were significant even after correcting for age, sex, BMI, serum lipids and smoking, all well-known factors that are known to affect the delicate oxidant-antioxidant balance (Dormandy, 1983) .
Another important factor that has been postulated to affect OS is diet (Jukes, 1992) ; (Draper & Bettger, 1994) . Compared to a recent nationwide survey on intakes in the Belgian population, our group of diabetic patients had on average a diet with less fats, more carbohydrates and proteins and more fibres than the general population, and therefore deviated less from the guidelines of the National Council on Nutrition (De Henauw & De Backer, 1999; Den Bulck et al, 2000) . Concerning dietary intake of antioxidants, in this group of diabetic patients an appreciable number of individuals took less than the RDA for some vitamins and most individuals ate less than two pieces of fruit per day, but Scatter plot showing the relationship between plasma malondialdehyde and total antioxidant capacity expressed as Trolox equivalents (a) and glutathione (b). Closed triangles and closed line indicate diabetic subjects. Open circles and dotted line indicate nondiabetic controls. Correlation coefficients and comparison of slopes between diabetics and controls (P40.045 for (a) and Po0.02 for (b)) were calculated by analysis of covariance.
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N Dierckx et al there were neither extreme deficiencies nor excessive intakes. Average intakes of the group were around the Belgian RDA but lower than the intakes that would maintain plasma concentrations associated with a lower ischaemic heart disease risk: daily intakes of at least 150 mg vitamin C, 30 mg vitamin E and 3 mg b-carotene would maintain desirable levels of 50, 30 and 0.5 mmol/l, respectively (Gey et al, 1993) . Moreover, diabetic patients had on average lower concentrations of some antioxidants and more MDA in plasma than the healthy controls. However, we could detect no significant correlation between dietary intakes of vitamins and minerals and their respective levels in blood. Global antioxidant intake (taken as the sum of vitamins E, C, A, b-carotene, flavonoids and selenium) was only related to plasma ascorbate. The lack of correlation between dietary and blood antioxidants observed in this group of diabetic patients is only partly in agreement with various studies conducted in nondiabetic populations. For example, in healthy volunteers, plasma total antioxidant capacity correlated with the daily intake of antioxidant-equivalents in fruit and vegetables (Cao et al, 1998) . When calculating the correlation between dietary and plasma antioxidants, it was significant for carotenes and g-tocopherol but not for retinol (Willett et al, 1983) . For a-tocopherol it was significant only after correcting for age, sex, BMI and lipids and primarily because of the use of vitamin E supplements (Ascherio et al, 1992; El Sohemy et al, 2001) .
Several considerations should be taken into account when interpreting our observations. First of all, patients willing to participate in such a study (here 30 out of the 61 approached) are probably not representative of all diabetics. It is also known that the quantities filled in food questionnaires by the study subjects are often not accurate (Hegsted, 1992) and that large intra-individual compared to inter-individual variability can mask real correlations between dietary and blood antioxidants (Sempos et al, 1985) . Moreover, differences in bioavailability could distort any direct relationship between intakes and intestinal absorption. For example, b-carotenoid, but not a-tocopherol, absorption is reduced by some dietary fibres (Riedl et al, 1999) .
Secondly, single measurements of antioxidant concentrations in blood do not always reflect the level of body antioxidant stores (Gidden & Shenkin, 2000) and these, in turn, are built up from longer-term intakes (more than 1 week). For example, in healthy volunteers long-term intakes of retinol, b-carotene and a-tocopherol correlated better with their respective levels in adipose tissue than in plasma (Kardinaal et al, 1995) . So, although the diet in a diabetic patient is fairly constant over time, one should question whether a 3-day intake can represent intakes of weeks or even months and whether single-measurement blood levels give correct information on the state of whole body antioxidant stores (Tangney et al, 1987) . This type of difficulty is inherent in the currently available methods, and illustrates once again the urgent need to ameliorate and standardise both the evaluation of dietary antioxidant intakes and the determination of OSS in vivo.
Thirdly, it is more difficult to demonstrate direct correlations within a group with little spreading of values compared to those obtained in surveys of bigger, more heterogeneous population groups (Hebert et al, 1994; Heseker & Schneider, 1994) .The lower inter-individual variability in this group of diabetic patients might be because of the stricter control of their diet that diabetics are forced to follow. In this group there were no extreme deficiencies or over-consumption. Regarding the lipophilic vitamins, vitamin E intakes ranged from 4 to 20, with one exceptional individual taking 48 mg/ day. They were thus about 10 times lower than intakes associated with a lower incidence of CAD (100 IU), which are only achieved by giving multivitamin supplements (Stampfer et al, 1993) . Epidemiological studies show that the correlation between intake and plasma aÀtocopherol is only significant when including subjects taking such supplements (Ascherio et al, 1992; El Sohemy et al, 2001) . Moreover, plasma levels double only after supplementation with doses 4400 IU/day (Dimitrov et al, 1991) . In healthy subjects, this is accompanied by a significant decrease in ex vivo lipoprotein peroxidation (Simons et al, 1996; Devaraj et al, 1997) . In diabetic subjects, higher doses of 750 IU/day are needed for similar effects (Engelen et al, 2000) .
Concerning intakes of antioxidants present in fruit and vegetables, significant impacts on blood levels of antioxidants were only observed after dietary interventions aimed at increasing intakes to ranges well above those obtained in the usual diets of our patients. For example, giving extra portions of fruit and vegetables to healthy volunteers in order to increase b-carotene intake by 5, 9 or 10 mg/day achieved increases of plasma carotenoids of about 50%. The concomitant 100-170 mg increase of vitamin C intake also resulted in 40-70% increases in plasma ascorbate concentrations (Zino et al, 1997; Broekmans et al, 2000; van den Berg et al, 2001) . Similarly, increasing a habitual diet of five servings of fruit and vegetables (with an average antioxidant content of 1.67 mmol/l TE) to 10 servings (3 mmol/l TE) resulted in increases of both plasma antioxidant capacity and aÀtocopherol (Cao et al, 1998) . However, the impact of these increases in plasma concentrations of antioxidants is variable. In smokers, there was no effect on markers of oxidative damage to lipids, proteins or DNA . In healthy subjects, increases of 9 and 15 mg/day of carotenes had no impact on antioxidant enzymes and LDL oxidability (Castenmiller et al, 1999; Hininger et al, 2001) .
One further concern when drawing conclusions from studies on antioxidants is that our limited OSS parameters might not be the relevant biomarkers for the disease in question. For example, some of the anti-atherosclerotic effects of vitamin E have been ascribed to non-antioxidant effects such as regulation of transcription of cytokines and growth factors (Azzi et al, 1995) , improvement of endothelial-dependent vasodilatation (Paolisso, 2000) and platelet
Dietary antioxidants in diabetes mellitus N Dierckx et al function (Jandak et al, 1989) . Moreover, the beneficial effects of foodstuffs such as fruit and vegetables might also be due to components other than the classical antioxidants we measure (vitamins C, E and b-carotene) or to concerted actions of the different components (Blumberg, 1995) . This possibility was beautifully illustrated by the lack of impact of pure vitamins C, E, coenzyme Q10 or b-carotene on DNA damage products in urine in contrast to the significant reduction after the intake of Brussels sprouts (Verhagen et al, 1995; Prieme et al, 1997) . Indeed, the antioxidant vitamins only represent about 10% of the total antioxidant capacity of our diet. The impact of additives, processing and cooking on oxidant-antioxidant content of foodstuffs and their bioavailability also needs further investigation (Ceriello, 1997) .
Finally, in diabetes the effect of several metabolic factors could be strong enough to mask the relationship between diet and OSS. For example, increased production of free radicals directly caused by hyperglycaemia might lead to increased consumption of antioxidants in vivo and thus to a decrease in antioxidant stores (Maxwell et al, 1997) . In this group of patients, with again no excessively high levels of HbA 1C , we could not confirm any direct relationship between OSS and degree of glycaemic control or BMI. However, in both diabetic patients and controls, there were significant relationships between lipids and levels of vitamins A, E, and uric acid. Surprisingly, lipid peroxidation products (MDA and d-ROM) were not related to either triacylglycerol or cholesterol in serum. Indeed, subjects with dyslipidaemia, here defined as high concentrations of cholesterol and/or triacylglycerol in serum, did not have significantly higher MDA. Dyslipidaemia was as frequent among control as among diabetic subjects. These observations thus rule out dyslipidaemia as the factor explaining the increased MDA seen in the diabetic group. The relationships between MDA and endogenous antioxidants, such as GSH and the uric-acid-dependent TAC-TE seen only in the diabetic group, suggest that other, as yet unidentified, diabetes-related factors might, by interfering with the metabolism of these antioxidants, play an important role in the increased oxidative damage observed in diabetes mellitus. The positive relationship between MDA and TAC-TE contrasts with the negative one with GSH. TAC-TE was explained for 60% by the serum uric acid and both were also related positively to triacylglycerol. Although uric acid is a strong water-soluble antioxidant and, in conjunction with ascorbic acid, is well known to attenuate lipid peroxidation in vitro, the situation in vivo (monitored by the concentration of plasma MDA in this study) might be more strongly determined by the pro-oxidant effect of high triacylglycerol levels than by the antioxidant effect (measured in this study as TAC-TE) of uric acid. The clinical relevance of this possibility is illustrated by the results of a large survey of diabetic patients in which serum uric acid was independently associated with an increased presence of coronary heart disease (Rathmann et al, 1993) . Similarly, decrease in GSH has been related to severity of diabetic complications (Thornalley et al, 1996) .
Although intakes of fibres, energy and total fats were not related to antioxidant status either, intakes of iron and copper were positively related to MDA levels in T1DM. In view of the important role of both transition metals in the initiation and progression of lipid peroxidation, this observation raises the possibility that metals in the diet can also influence peroxidation processes. This hypothesis and the relationship with the type of diabetes require further investigation. Moreover, intakes of saturated fats and cholesterol correlated positively with peroxides (d-ROM) in blood. These data suggest that improvement in the quality of fat intakes, such as lowering of saturated fats and cholesterol, would be more effective in decreasing levels of oxidative damage in the blood of these patients (Zino et al, 1997) . Indeed, dietary measures targeting fat intake and fatty acid composition have proved to be effective in both primary and secondary prevention of atherosclerosis (Hjermann et al, 1981; de Lorgeril et al, 1999) . In newly diagnosed T2DM patients, dietary advice aimed at decreasing fat intake from 38 to 30% energy, but with little changes in dietary antioxidants, succeeded in increasing plasma ascorbate concentrations as well as in decreasing MDA and HbA 1c after 2 months (Armstrong et al, 1996) .
In contrast to the success of such fat-related dietary interventions and notwithstanding the aforementioned limitations of the currently available investigative tools, the observations obtained in this study cannot support the proposal that interventions aimed at increasing dietary antioxidant intakes within the moderate ranges found in the usual Belgian diet can be effective in preventing atherosclerosis in patients with diabetes. It is suggested that dietary antioxidants are insufficient to neutralise the higher oxidative load in these patients, who would thus need intakes which, with the exception of vitamin C and carotenes, are difficult to achieve solely by dietary means. In view of the increasing evidence on the lower intima media thickening seen in subjects with higher plasma levels of vitamin C, E and b-carotenes (Gale et al, 2001 ) interventions aimed at increasing body stores of these antioxidants should still be considered as primary prevention in diabetes. The long-term benefits of supplementing such higher-risk patients with doses several orders of magnitude higher than dietary intakes, as recommended by the International Atherosclerosis Society (daily intakes of five portions of fruit and vegetables, 400 mg vitamin E, 150 mg vitamin C, 1 mg of folic acid and 30 g of fibre), are thus still open for discussion.
